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$0SDUWV E\ ODVHUZHOGLQJ LV DUHDRIZKHUHYHU\ VPDOO DPRXQWRI UHVHDUFKKDYHEHHQSXEOLVKHG ,W LV FRPPRQO\
NQRZQWKDWPRVWPDWHULDOVWKDWFDQEHZHOGHGFDQEHXVHGLQ3%)SURFHVVWREXLOGSDUWV/DLWLQHQ	-lUYLQHQ
,WLVDOVRNQRZQWKDW3%)SURGXFHGSDUWVDUHDOPRVWSRURVLW\IUHHVRWKLVFRXOGLQGLFDWHWKDW3%)SDUWVFDQEH
ZHOGHGZLWKODVHUZHOGLQJ<DVD.UXWK,QSULQFLSOH3%)SURFHVVLVODVHUZHOGLQJEXWLQYHU\VPDOOVFDOHVR
DOVRWKLVLQGLFDWHVWKDWODVHUZHOGLQJFRXOGEHJRRGPHWKRGIRUMRLQLQJ$0SDUWVWRJHWKHU7RORVDHWDO
/DVHUZHOGLQJLVDQ LQGXVWULDO MRLQLQJSURFHVVDQGXVHGDVDQDOWHUQDWLYH WRFRQYHQWLRQDODUFZHOGLQJSURFHVVHV
QRZDGD\V7KHDGYDQWDJHVRI ODVHUZHOGLQJDUHKLJKZHOGLQJVSHHGZKLFKHQDEOHV ORZKHDW LQSXWDQG GHHSDQG
QDUURZZHOGZLWK VPDOO+$= KHDW DIIHFWHG ]RQH /LSSROG	.RWHFNL /DVHUZHOGLQJ FDQEH H[HFXWHG DV
FRQGXFWLRQ OLPLWHG ZHOGLQJ RU NH\KROH ZHOGLQJ ,Q NH\KROH ZHOGLQJ ODVHU EHDP DEVRUEV WR WKH ZHOGHG PDWHULDO
VXUIDFH WKH PDWHULDO KHDWV PHOWV DQG VWDUWV WR ERLO 7KLV ERLOLQJ HIIHFW LQ FDVH RI VWDLQOHVV VWHHOV FDXVHV PHWDO
YDSRXU FDYLW\ D NH\KROH PDLQO\ IURP WKH YDSRXUV IURP LURQ QLFNHO DQG FKURPLXP:KHQ WKHZHOGLQJ KHDG LV
PRYLQJPROWHQPDWHULDOIORZVDURXQGWKHNH\KROHVROLGLILHVDQGIRUPVWKHZHOG9lQVNl

1RPHQFODWXUH
$0 DGGLWLYHPDQXIDFWXULQJ   &&' FKDUJHFRXSOHGGHYLFH
3%) SRZGHUEHGIXVLRQ   ȡ PDWHULDOGHQVLW\>NJPP@
+$= KHDWDIIHFWHG]RQH   9:0 ZHOGPHWDOYROXPH>PPV@
&5 FROGUROOHG    F VSHFLILFKHDWRIIXVLRQ>-NJ.@
<E \WWHUELXP    7P PHOWLQJWHPSHUDWXUH>.@
: ZDWW     7 URRPWHPSHUDWXUH>.@
& GHJUHHVLQFHOVLXV   / ODWHQWKHDWRIPHOWLQJ>-NJ@
([SHULPHQWDOSURFHGXUH
2.1. Geometry of the test pieces 
7KHGLPHQVLRQVRIWKHZHOGLQJWHVWVSHFLPHQZHUHDSSUR[PP[PP[PPIRUWHVWSLHFHVPDGHRXWRI
FROGUROOHG/DQG3%)PDQXIDFWXUHG/VWDLQOHVVVWHHOVKHHWV,Q3%)VKHHWVWKHZHOGLQJZDVSHUIRUPHGLQ
EXLOGLQJGLUHFWLRQ'LPHQVLRQVRIWKHWHVWSLHFHVDQGEXLOGGLUHFWLRQRI3%)WHVWSLHFHDUHVKRZQLQ)LJ
)LJ/HIWGLPHQVLRQVRIWKHWHVWSLHFHV5LJKWEXLOGLQJDQGZHOGLQJGLUHFWLRQRI3%)WHVWSLHFHV
2.2. Materials used in this study 
7ZRVWDLQOHVVVWHHO/PDWHULDOVZDVXVHGLQWKHVWXG\3%)VKHHWVZHUHPDQXIDFWXUHGIURP+|JDQlV6WDLQOHVV
6WHHO/SRZGHUDQGFROGUROOHG&5VWDLQOHVVVWHHOSODWHVZHUH2XWRNXPSX/(OHPHQWDU\DQDO\VLV
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ZHUHSHUIRUPHGIRUERWKPDWHULDOVDQGWKHFKHPLFDOFRPSRVLWLRQVRIWKHPDWHULDOVDUHSUHVHQWHGLQWDEOHVDQG
(OHPHQWDODQDO\VLVZHUHPDGHZLWK%UXNHU47DVPDQZKLFKLV&&'EDVHGRSWLFDOHPLVVLRQVSHFWURPHWHUIRUWKH
PHWDO DQDO\VLV 7KH DQDO\VLV PHDVXUHPHQWV ZHUH WDNHQ IURP WKH VXUIDFH RI WKH &5 DQG 3%) SODWHV IURP WKUHH
VHSDUDWHSODFHVDQGWKHQDYHUDJHG
7DEOH+|JDQlV/FKHPLFDOFRPSRVLWLRQDQDO\]HGZLWK%UXNHU47DVPDQ
&U>@ 1L>@ 0R>@ 0Q>@ 6L>@ &X>@ &>@ 3>@ 6>@ )H>@
         %DODQFH
7DEOH&ROGUROOHG2XWRNXPSX/FKHPLFDOFRPSRVLWLRQDQDO\]HGZLWK%UXNHU47DVPDQ
&U>@ 1L>@ 0R>@ 0Q>@ 6L>@ &X>@ &>@ 3>@ 6>@ )H>@
         %DODQFH

2.3. PBF sheet fabrication 
3%)VKHHWVZHUHPDQXIDFWXUHGZLWKPRGLILHGUHVHDUFK3%)V\VWHPVLPLODUWR(26(26,1707KLVV\VWHP
KDV:<EILEHUODVHU)RFDOSRLQWRIWKHODVHUEHDPZDVPDQGWKHEXLOGYROXPHRIWKLVV\VWHPLVPP
[PP[PP0DQXIDFWXULQJRIWKHVKHHWVZDVH[HFXWHGDVRQHEXLOG1LWURJHQVHUYHGDVVKLHOGLQJJDVLQWKH
SURFHVVFKDPEHU7KHPDQXIDFWXULQJSDUDPHWHUVDUHVKRZQLQWDEOH
 7DEOH3%)PDQXIDFWXULQJSDUDPHWHUV
/DVHU3RZHU>:@ /DVHUVFDQYHORFLW\>PPV@ /D\HUWKLFNQHVV>P@ +DWFKGLVWDQFH>PP@
   

7KHVFDQQLQJGLUHFWLRQZDVDOWHUHG LQHYHU\ OD\HU WRDFKLHYH IXOOGHQVHVWUXFWXUH$IWHU WKHPDQXIDFWXULQJ WKH
VKHHWV ZHUH VDZHG RII IURP WKH EXLOGLQJ SODWIRUP DQG VDZHG WR WKH WHVW VSHFLPHQ GLPHQVLRQV 1R RWKHU SRVW
SURFHVVLQJZDVPDGH
2.4. Bead on plate laser welding of the test pieces. 
/DVHU ZHOGLQJ ZDV SHUIRUPHGZLWK ,3*</6 ILEHU ODVHU ZKLFK KDV PD[LPXP SRZHU RI  N: 3UHFLWHF
<:ZHOGLQJKHDGZDVXVHGZLWKPPIRFDOOHQJWKIRFXVLQJOHQVHPPFROOLPDWRUOHQVH7ZRGLIIHUHQW
ILEHUGLHDPHWHUVZHUHXVHGPDQGP1RVKLHOGLQJJDVZDVXVHG7KHZHOGLQJVHWXSLVSUHVHQWHGLQ)LJ

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)LJ/DVHUZHOGLQJVHWXSODVHUZHOGLQJKHDGWHVWSLHFHFODPSLQJRIWKHWHVWSLHFH
2.5. Laser welding parameters 
)RUDOOZHOGLQJWHVWVWKHIRFDOSRLQWSRVLWLRQZDVVHWRQWRSRIWKHWHVWSLHFHV:HOGVZHUHEHDGRQSODWHZHOGV
7KUHHZHOGVZLWKVDPHSDUDPHWHUVZHUHZHOGHGLQWRHDFKWHVWSLHFHDQGWKHWHVWSLHFHVZHUHFRROHGGRZQDIWHUHDFK
ZHOGE\EORZLQJFRPSUHVVHGDLURQWKHP$OOZHOGVZHUHGRQHLQURRPWHPSHUDWXUH&3DUDPHWHUVZKLFKZHUH
YDULHGIRUWKHH[SHULPHQWVZHUHODVHUSRZHUZHOGLQJVSHHGDQGGLDPHWHURIRSWLFDOILEHU/DVHUZHOGLQJSDUDPHWHUV
DUHSUHVHQWHGLQWDEOH
7DEOH/DVHUZHOGLQJSDUDPHWHUV
7HVW1R /DVHU
3RZHU>N:@
:HOGLQJ
VSHHG>PPPLQ@
2SWLFDOILEHU
GLDPHWHU>P@
(QHUJ\
LQSXW>-PP@
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    

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7KHHQHUJ\LQSXWRIODVHUZHOGLQJZDVFDOFXODWHGE\XVLQJIROORZLQJHTXDWLRQ
 
v
PE   
ZKHUHE LV WKH HQHUJ\ LQSXW -PPP LV WKH ODVHUSRZHU :DQGv LV WKHZHOGLQJ VSHHG PPV 'DKRWUH	
+DULPNDU
2.6. Analysis methods 
2QFH WHVWSLHFHVZHUHZHOGHG WKH WRSDQG URRW VXUIDFHVRI WKH WHVWSLHFHVZHUHSKRWRJUDSKHG7KHVHFWLRQ IRU
PDFURVFRSLFDQDO\VLVZDVVDZHGRIIIURPWKHPLGGOHRIWKHWHVWSLHFH7KHVHFWLRQVZHUHWKHQSROLVKHGDQGHOHFWUR
HWFKHGZLWK  R[DOLF DFLG 7KH FXUUHQW DQG YROWDJH IRU HOHFWUR HWFKLQJZDV 9 DQG $ UHVSHFWLYHO\ 7KH
HWFKLQJWLPHZDVVHFRQGV:HOGEHDGVIURPWKHSROLVKHGVHFWLRQVZHUHPDFURSKRWRJUDSKHGDQGZHOGZLGWKVDQG
DUHDVZHUHPHDVXUHG4XDOLW\RIWKHZHOGVZHUHHYDOXDWHGXVLQJWKH,62VWDQGDUG(OHFWURQDQGODVHUEHDP
ZHOGHGMRLQWV*XLGDQFHRQTXDOLW\OHYHOVIRULPSHUIHFWLRQV3DUW6WHHO,62VWDQGDUG
5HVXOWVDQGGLVFXVVLRQ
3.1. Weld geometry and quality 
4XDOLW\ RI WKHZHOGV YDULHG EHWZHHQ WKHPDWHULDOV WKDWZHUHZHOGHG9LVXDO LQVSHFWLRQ RI WKH VXUIDFHV RI WKH
ZHOGV VKRZHG WKDWZKHQ FROG UROOHG/ZDVZHOGZLWK ILEHUGLDPHWHU RI P WKHUHZHUH ODUJH DPRXQWRI
VSDWWHULQJ HVSHFLDOO\ ZKHQ ODVHU SRZHU ZDV KLJKHVW  N::LWK 3%)PDQXIDFWXUHG / VKHHWV QR VLPLODU
VSDWWHULQJZDVQRWLFHG VHH)LJ :KHQPRSWLFDO ILEHUZDVXVHG IRUZHOGLQJ VLPLODU VSDWWHULQJZDVQRW
QRWLFHG
)LJ6SDWWHULQJRQ&5/ZHOGV1RVLPLODUHIIHFWRQ3%)ZHOGV
7KH3%)PDWHULDOZDVPRUHSURQHWRFUDFNLQJIURPWKHZHOGFHQWHUOLQHZKHQODVHUSRZHURIN:DQGZHOGLQJ
VSHHGV  PPLQ DQG  PPLQ ZHUH XVHG 2QO\ LPSHUIHFWLRQV WKDW ZHUH IRXQG ZHUH FUDFNLQJ DQG ODFN RI
SHQHWUDWLRQ LPSHUIHFWLRQV  DQG D  DFFRUGLQJ WKH ,62  VWDQGDUG$OO ZHOGVZLWKRXW FUDFNV SDVVHG WKH
YLVXDOLQVSHFWLRQZKHQWKHFODVVLILFDWLRQRIWKHZHOGVZHUHLQFODVV'PRGHUDWH&UDFNLQJRIWKHZHOGVZHUHIRXQG
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RQO\LQ3%)PDWHULDO$OOZHOGVZLWKRXWFUDFNVRUODFNRISHQHWUDWLRQZHUHFODVVLILHGDVFODVV%VWULQJHQWDFFRUGLQJ
WRWKH,62)LJVKRZVH[DPSOHVRILPSHUIHFWLRQVIRXQG



)LJ([DPSOHVRILPSHUIHFWLRQVRIWKHZHOGV/HIW&ROGUROOHG/ODFNRISHQHWUDWLRQULJKW3%)/FUDFNHGZHOG
7KHVKDSHRIWKHFURVVVHFWLRQVRIWKHZHOGVYDULHGEHWZHHQWKHZHOGHGPDWHULDOVHVSHFLDOO\ZKHQZHOGLQJZDV
GRQHZLWKPRSWLFDOILEHU,Q3%)ZHOGVWKHFURVVVHFWLRQRIWKHZHOGVZHUHPRUHVWUDLJKWWKDQZHOGVLQFROG
UROOHGPDWHULDO)LJVKRZVGLIIHUHQWVKDSHVRIZHOGVPDGHZLWKVDPHSDUDPHWHUV
)LJ'LIIHUHQWZHOGVKDSHVLQ&5 FROGUROOHG/VWDLQOHVVVWHHODQG3%) SRZGHUEHGIXVLRQ/VWDLQOHVVVWHHO%RWKZHOGVPDGHZLWK
VDPHSDUDPHWHUV
$V LW FDQEH VHHQ IURP)LJ WKH VKDSHRI WKHZHOG LQ&5PDWHULDO LV EHDNHU VKDSHGZKLOH WKHZHOG LQ3%)
PDWHULDOLVPRUHVWUDLJKWVKDSHG7KHGLIIHUHQFHLQZHOGVKDSHVFDQEHDVDUHVXOWRIGLIIHUHQWDEVRUSWLRQSURSHUWLHV
EHWZHHQ WKH VXUIDFHV RI WKHPDWHULDOV %HUJVWU|P %HUJVWU|P  UHVHDUFKHG WKH DEVRUSWDQFH RI 1G</) DQG
1G<$* ODVHU OLJKWV LQWR WKH VWHHOV DW URRP WHPSHUDWXUH ,Q WKLV UHVHDUFK WKH FROG UROOHG VWDLQOHVV VWHHO KDG
DEVRUSWLRQRIRI1G</)ODVHUOLJKW%HUJVWU|P6LQFHWKHVXUIDFHRIWKH3%)PDWHULDOLVPXFKURXJKHU
DQGPRUHPDWWHWKDQRQ&5PDWHULDOLWFDQEHDVVXPHGWKDWWKHDEVRUSWLRQUDWHLVKLJKHUDQGWKHUHIRUHWKHNH\KROH
FDQEHIRUPHGPRUHHDVLO\WRWKHPDWHULDODQGPRUHVWUDLJKWVKDSHGDQGIXOO\SHQHWUDWHGZHOGVFDQEHFUHDWHGHYHQ
ZLWKORZHUODVHUSRZHU
0DQ\RIZHOGVLQ&5/PDWHULDOZHUHZLGHUWKDQRQHVLQ3%)PDWHULDO:LWKERWKZHOGHGPDWHULDOVVRPHFURVV
VHFWLRQV RI WKH ZHOGV ORRNHG OLNH WKH\ KDG EHHQ ZHOGHG IURP ERWK VLGHV DOWKRXJK WKLV ZDV QRW WKH FDVH 7KLV
SKHQRPHQDFRXOGEHH[SODLQHGZLWKGLIIHUHQWNH\KROHPRGHV7KHNH\KROHPRGHVLQKLJKSRZHUODVHUZHOGLQJZDV
LQYHVWLJDWHGE\9lQVNlLQKLVGRFWRUDOWKHVLV,Q9lQVNlVVWXGLHVVRPHRIWKHZHOGVKDG³WZLQWRS´JHRPHWU\
ZKHUH WKH URRW VLGH RI WKH ZHOG KDV VDPH IHDWXUHV WKDW WKH WRS VLGH VOLJKWO\ ODUJHU VXUIDFH ZLGWK DQG VLPLODU
VROLGLILFDWLRQOLQHV7KLVEHKDYLRUZDVH[SODLQHGVRWKDWWKHNH\KROHVIURQWZDOODQJOHZDVVPDOODQGUHIOHFWLYLW\ZDV
ODUJHZKLFKOHGUHGLUHFWLRQRIWKHODVHUOLJKWWRGHHSHULQWRWKHPDWHULDODQGHYHQWXDOO\RXWRIWKHURRWVLGH+HFDOOHG
WKLV NH\KROHPRGH DVNDOHLGRVFRSHNH\KROH7KLVNDOHLGRVFRSHNH\KROHPRGH OHDGV LQWR WKH ³WZLQ WRS´JHRPHWU\
9lQVNl)LJSUHVHQWVWKH³WZLQWRS´ZHOGSKHQRPHQDDQGRQHRIWKH³WZLQWRS´ZHOGVWKDWZHUHDFTXLUHG
LQWKHZHOGLQJWHVWV7KLVWZLQWRSZHOGJHRPHWU\ZDVVKRZQLQERWK3%)ZHOGVDQGLQ&5ZHOGV

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)LJ/HIWNDOHLGRVFRSHNH\KROHPRGHDQG³WZLQWRS´ZHOGJHRPHWU\9lQVNl5LJKWRQHRIWZLQWRSZHOGVDFTXLUHGGXULQJWKHZHOGLQJ
WHVWV5HGOLQHGHVFULEHVWKHVKDSHRIWKHZHOGIURPWKHURRWVLGH
3.2. Analysis of weld cross-section geometry 
7KHZLGWK GHSWK DQG DUHD RI WKHZHOG FURVVVHFWLRQZHUHPHDVXUHG IURP WKHPDFUR LPDJHV E\ XVLQJ ,PDJH-
VRIWZDUH/LNHPHQWLRQHGEHIRUHWKHVKDSHRIWKHZHOGVGLIIHUHGEHWZHHQWKHVHWZRPDWHULDOVDQGWKHZHOGVZHUH
ZLGHULQFROGUROOHGPDWHULDOZKHQDYHUDJHG7KHZHOGZLGWKVZHUHPHDVXUHGIURPWKHWRSRIWKHZHOGVFORVHIURP
WKHVXUIDFH)LJSUHVHQWVWKHZHOGZLGWKVZKHQPRSWLFDOILEHUZDVXVHG
)LJ(QHUJ\LQSXWYVZHOGZLGWKZKHQZHOGLQJZDVGRQHZLWKPRSWLFDOILEHU
$VLWFDQEHVHHQIURPWKH)LJWKHZHOGZLGWKZDVZLGHULQFROGUROOHGZHOGV+RZHYHUWKHZHOGVKDSHZDV
XVXDOO\PRUHEHDNHUVKDSHGDVVKRZQLQ)LJVRWKHZHOGVLQ&5PDWHULDOQDUURZHGWRWKHURRWZKHQWKH3%)
ZHOGV ZHUH PRUH VWUDLJKW DQG HYHQ ; VKDSHG 7KH SHQHWUDWLRQ GHSWK GLIIHUHG DOVR EHWZHHQ WKH ZHOGV LQ WKHVH
PDWHULDOV ,QFROG UROOHGPDWHULDOZHOGV DQGZHUHRQO\SDUWLDOO\SHQHWUDWHGZKHUHDVRQO\ZHOG LQ3%)
PDWHULDOZDVSDUWO\SHQHWUDWHG7KHRWKHUZHOGVZHOGHGZLWKP ILEHUZHUH IXOOSHQHWUDWHG:HOGVZLWK ORZ
HQHUJ\LQSXWZHUHDOVRSURQHWRKDYHSRUHVLQWKHZHOG(VSHFLDOO\LQ3%)PDWHULDO7DEOHSUHVHQWVWKHSHQHWUDWLRQ
GHSWKVRIWKHZHOGHGPDWHULDOV
7DEOH3HQHWUDWLRQGHSWKVRIWKHZHOGHGPDWHULDOVZKHQPRSWLFDOILEHUZDVXVHG
0DWHULDO :HOG :HOG :HOG :HOG :HOG :HOG :HOG :HOG :HOG
&5/ PP )XOO )XOO PP )XOO )XOO PP )XOO )XOO
3%)/ )XOO3RUHV )XOO )XOO )XOO3RUH )XOO )XOO PP3RUH )XOO )XOO

7KHZLGWKRI WKHZHOGVZHUH VLPLODUO\PHDVXUHG IURP WKHZHOGVPDGHZLWKPRSWLFDO ILEHU7KHHQHUJ\
LQSXWYVWKHZHOGZLGWKLVSUHVHQWHGLQ)LJ
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)LJ(QHUJ\LQSXWYVZHOGZLGWKZKHQZHOGLQJZDVGRQHZLWKPRSWLFDOILEHU
$VLWFDQEHREVHUYHGIURP)LJWKHZHOGVZHUHZLGHULQ3%)PDWHULDOZKHQHQHUJ\LQSXWZDVORZHUOHVVWKDQ
-PPZKHQPILEHUZDVXVHG2WKHUZLVHWKHZLGWKVZHUHFORVHWRHDFKRWKHUV:LWKWKHVHHQHUJ\LQSXWV
RQO\ RQH RI WKHZHOGV ZHOG1R  HQHUJ\ LQSXW RI  -PPZDV QRW IXOO\ SHQHWUDWHG LQ ERWKPDWHULDOV:LWK
KLJKHUHQHUJ\LQSXWV-PPDQGDERYH3%)ZHOGVKDGWHQGHQF\WRFUDFNVOLJKWO\RUFRPSOHWHO\IURPWKHPLGGOH
RIWKHZHOG7KLVPD\EHFDXVHGE\SRVVLEOHUHVLGXDOVWUHVVHVLQ3%)PDWHULDO+RZHYHULWQHHGVIXUWKHUVWXGLHV
3.3. Welding efficiency 
6LQFHWKHZHOGLQJRIDGGLWLYHPDQXIDFWXUHGSDUWVLVQRW\HWYHU\ZLGHO\UHVHDUFKHGILHOGLWZDVGHFLGHGWRVHHLI
WKHUH LV GLIIHUHQFHV LQ WKHZHOGLQJ HIILFLHQF\ EHWZHHQ3%)PDQXIDFWXUHG VWDLQOHVV VWHHO DQG FROG UROOHG VWDLQOHVV
VWHHO7KLVFRPSDULVRQZDVGRQHE\PHDVXULQJ WKHDUHDVRI WKHZHOGFURVVVHFWLRQVDQGIURP WKHUHFDOFXODWHG WKH
QHHGHGHQHUJ\WRPHOWWKHVSHFLILFDPRXQWRIPDWHULDO0HOWLQJHIILFLHQF\FDQEHFDOFXODWHGE\GLYLGLQJWKHHQHUJ\
XVHGIRUPHOWLQJWKHPDWHULDOE\WKHWRWDOHQHUJ\LQSXW$FFRUGLQJWR6ZLIW+RRNDQG/DPSDHWDO6ZLIW+RRN
/DPSDHWDOWKHPD[LPXPPHOWLQJHIILFLHQF\IRUODVHUZHOGLQJLVDSSUR[7KHQHHGHGPHOWLQJ
HQHUJ\FDQEHFDOFXODWHGE\(TXDWLRQ
   LTTcVP mWM  U  (2) 
ZKHUH
P =ODVHUSRZHU>:@
ȡ  PDWHULDOGHQVLW\>NJPP@
VWM  ZHOGPHWDOYROXPH>PPV@
c  VSHFLILFKHDWRIIXVLRQ>-NJ.@
Tm  PHOWLQJWHPSHUDWXUH>.@
T0  URRPWHPSHUDWXUH>.@
L  ODWHQWKHDWRIPHOWLQJ>-NJ@

:KHQUHSODFLQJWKHZHOGPHWDOYROXPHVWMZLWKZHOGLQJVSHHGv PPVPXOWLSOLHGE\WKHZHOGFURVVVHFWLRQ
DUHDAWMPPWKHHTXDWLRQFDQEHUHZULWWHQDVIROORZV
   LTTcAvP mWM  U  (3) 
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7KHPHOWHGDUHDVZHUHPHDVXUHGDQGLQDYHUDJHWKHPHOWHGDUHDZDVODUJHULQFROGUROOHGVWDLQOHVVVWHHOWKDQLQ
SRZGHUEHGIXVLRQPDQXIDFWXUHGVWDLQOHVVVWHHO)LJSUHVHQWVWKHZHOGFURVVVHFWLRQDUHDYVHQHUJ\LQSXW


)LJ:HOGFURVVVHFWLRQDUHDYVHQHUJ\LQSXW
$VLWFDQEHREVHUYHGIURPWKH)LJWKHUHLVRQO\VPDOOGLIIHUHQFHVLQWKHVL]HRIWKHPHOWHGFURVVVHFWLRQDUHD
EHWZHHQWKHWZRPDWHULDOV,WVHHPVWKDWZLWKORZHUKHDWLQSXWV-PPRUOHVVWKH3%)PDWHULDOLVPHOWHGPRUH
HIILFLHQWO\WKDQWKHFROGUROOHG7KHUHDVRQIRUWKLVLVWKDWWKHZHOGVZHUHIXOO\SHQHWUDWHGZLWKORZHUHQHUJ\LQSXWV
LQ3%)PDWHULDODQGWKHUHIRUHWKHDUHDRIZHOGFURVVVHFWLRQZDVODUJHU:KHQWKHHQHUJ\LQSXWVZHUHKLJKHU WKH
ODUJHUPHOWHGDUHDVZHUHLQFROGUROOHGPDWHULDO
7KHSRZHUQHHGHGWRPHOWVSHFLILFFURVVVHFWLRQDUHDZDVFDOFXODWHGE\HTXDWLRQDQGWKHUHVXOWVFDQEHVHHQ
IURP)LJ
)LJ&DOFXODWHGQHHGRIODVHUSRZHUWRPHOWWKHFURVVVHFWLRQDUHD
$V LW FDQ EH VHHQ IURP )LJ  WKHUH LV QR ODUJH YDULDWLRQV EHWZHHQ WKH WZR PDWHULDOV LQ FDVH RI PHOWLQJ
HIILFLHQF\,WFDQEHVHHQWKDWWKHFDOFXODWHGPHOWLQJHQHUJ\LVLQERWKFDVHVPXFKORZHUWKDQDFWXDOSRZHUZKLFK
ZDVXVHGLQZHOGLQJ$FWXDOO\WKHPHOWLQJHIILFLHQF\ZDVZLWKFROGUROOHGPDWHULDODQGIRUWKH3%)PDWHULDO
MXVWDVOLJKWO\KLJKHU
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&RQFOXVLRQV
(IIHFWRIHQHUJ\LQSXWLQODVHUZHOGLQJRQZHOGDELOLW\ZHOGTXDOLW\DQGZHOGJHRPHWU\RIZHOGVEHWZHHQSRZGHU
EHGIXVLRQ3%)IDEULFDWHGVWDLQOHVVVWHHO/SDUWVDQGFROGUROOHG&5VKHHWPHWDO/SDUWVZHUHVWXGLHGE\
EHDGRQSODWHZHOGV7HVWHGSDUDPHWHUVZHUHRSWLFDOILEHUGLDPHWHUODVHUSRZHUDQGZHOGLQJVSHHG
,W ZDV FRQFOXGHG LQ WKLV VWXG\ WKDW LQ JHQHUDO 3%)PDQXIDFWXUHG SDUWV FDQ EHZHOGHGZLWK JRRG TXDOLW\$OO
SURGXFHGZHOGVZHUHYLVXDOO\LQVSHFWHGDQGHYDOXDWHGDFFRUGLQJWKH,62VWDQGDUG,62(OHFWURQDQGODVHU
EHDPZHOGHGMRLQWV*XLGDQFHRQTXDOLW\OHYHOVIRULPSHUIHFWLRQV3DUW6WHHO$OOZHOGVZLWKRXWFUDFNVRUODFNRI
SHQHWUDWLRQ ZHUH HYDOXDWHG WR WKH % FODVV VWULQJHQW $OO WKH ZHOGV ZLWKRXW FUDFNV ZHUH FODVVLILHG LQWR &
LQWHUPHGLDWHFODVV&UDFNLQJZDVSUHVHQWRQO\LQZHOGVLQ3%)PDWHULDO
7KLV VWXG\ VKRZHG WKDW ODVHU ZHOGLQJ RI 3%) VWDLQOHVV VWHHO GLIIHUV VOLJKWO\ IURP&5 VWDLQOHVV VWHHO ZHOGLQJ
:KHQHQHUJ\LQSXWLVORZIXOOSHQHWUDWLRQZHOGVFDQEHDFKLHYHGHDVLHULQWR3%)PDWHULDO+RZHYHUZKHQWKHZHOG
ODFNHGSHQHWUDWLRQODUJHSRUHVZHUHIRXQGLQZHOGVRI3%)PDWHULDO,QFUHDVHRIWKHHQHUJ\LQSXWLVHIIHFWLQJRQWKH
WHQGHQF\RIZHOGFUDFNLQJLQ3%)PDWHULDO7KHFUDFNLQJPLJKWEHSUHVHQWEHFDXVHRISRVVLEOHUHVLGXDOVWUHVVHVLQ
3%)PDWHULDO+RZHYHUWKLVQHHGVIXUWKHUVWXGLHV(QHUJ\LQSXWRIWKHZHOGLQJLVWREHFRQVLGHUHGDVFULWLFDOIDFWRU
IRUZHOGLQJRI3%)IDEULFDWHGVWDLQOHVVVWHHO/FRPSRQHQWV
0HOWLQJHIILFLHQF\ZDVDOVRVWXGLHGDQGFDOFXODWHG7KHPHDVXUHPHQWVVKRZHGWKDWZLWKORZHUHQHUJ\LQSXWV
-PPRUOHVVWKH3%)PHOWVPRUHHIILFLHQWO\WKDQ&5PDWHULDO:KHQHQHUJ\LQSXWLVKLJKHU-PPRUPRUHWKH
&5PDWHULDOPHOWHGPRUHHIILFLHQWO\DQGWKHPHOWHGDUHDFURVVVHFWLRQZDVODUJHU+RZHYHUZLWKERWKPDWHULDOVWKH
PHOWLQJHIILFLHQF\ZDVTXLWHORZDQGIRU&5DQG3%)PDWHULDOVUHVSHFWLYHO\,WZDVFRQFOXGHG
WKDWODVHUZHOGLQJPHOWVERWKPDWHULDOV&5/DQG3%)/DOPRVWHTXDODPRXQWVEXWWKHGLIIHUHQFHLQZHOG
VKDSHIRUPDWLRQQHHGVIXUWKHUVWXGLHV
$FNQRZOHGJHPHQWV
7KLV VWXG\ ZDV FDUULHG RXW DV D SDUW RI WKH )LQQLVK0HWDOV DQG (QJLQHHULQJ &RPSHWHQFH &OXVWHU ),0(&&
SURJUDP0$18  )XWXUH'LJLWDO0DQXIDFWXULQJ7HFKQRORJLHV DQG6\VWHPV 31H[W*HQHUDWLRQ0DQXIDFWXULQJ
$XWKRUV H[SUHVV WKHLU JUDWLWXGH WR /87 /DVHU SHUVRQQHO DQG WR /87 PHWDOOXUJ\ ODE SHUVRQQHO IRU WKH KHOS RI
H[HFXWLQJWKHH[SHULPHQWDOWHVWLQJ
5HIHUHQFHV
%HUJVWU|P '  ³7KH $EVRUSWDQFH RI 0HWDOOLF $OOR\V WR 1G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